An experiment was conducted to determine whether short estrous cycles following abortion of heifers between 70 and 75 d of gestation are due to factors associated with the previous presence of a conceptus or long-term exposure of the uterus and(or) ovaries to a progestogen. Fifty crossbred heifers were randomly allotted at estrus (d 0) to five groups: control (n = 10), pregnant (Preg.; n = 14), progestogen (norgestome0 implant (Norg.; n = 9), progesterone-releasing intravaginal device (PRID; n = 9), or hysterectomy (Hyst.; n = 8). Control heifers were injected during the mid-luteal phase of an estrous cycle with 25 mg prostaglandin F2a (PGF2~) and length of the subsequent estrous cycle was determined. 3 d, respectively) . In the Hyst. group, all corpora lutea were maintained beyond 25 d post-estrus. Mean length of the second estrous cycle in the Preg. group (18.0 + .9 d) was shorter (P < .05) than length of the first estrous cycle in the control group but was within the normal range of estrous cycle lengths for heifers. In summary, PGF2a-induced abortion of heifers early in gestation resulted in short estrous cycles that were due to factors associated with the previous presence of a conceptus, rather than to long-term exposure to progestogen alone.
Introduction
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Received September 1, 1988. in livestock. Premature luteolysis during gestation usually results in abortion except in species in which the placenta becomes the major source of progesterone (Auletta et al., 1988) . Subnormal luteal function, characterized by shortened luteal lifespans and(or) decreased secretion of progesterone, has been associated with infertility and documented in cattle, sheep, primates and human beings (Garverick and Smith, 1986) . In cattle, prostaglandin F2ct (PGF2a)-induced abortions early in gestation (50 to 100 d) result Accepted November 23, 1988 November 23, . 1552 in formation of a high percentage of corpora lutea with shortened lifespans following first ovulation (Wright and Kiracofe, 1988) . Causative factors associated with reduced luteal lifespan following first ovulation after abortion have not been elucidated. The objective of the present study was to determine whether short estrous cycles observed following abortion of heifers early in gestation are due to factors associated with the previous presence of a conceptus or long-term exposure of the uterus and(or) ovaries to a progestogen.
Materials and Methods
Fifty crossbred heifers were injected (i.m.) with 25 mg PGF~ s and randomly allotted at estrus (d 0) to five groups: control (n = 10), pregnant (Preg.; n = 14), progestogen implant (norgestomet; 17ct acetoxy-1 lJ3 methyl-19 nor preg-4-ene-3,20 dione; Norg.; n = 9), progesterone-releasing intravaginal device (PRID, n = 9) or hysterectomy (Hyst.; n = 8). The experiment was designed to determine the following treatment effects on subsequent luteal function: 1) the effect of PGFect -induced luteolysis on subsequent luteal function in normally cycling heifers (control group), 2) the effect of prolonged exposure of the uterus and ovaries to progesterone and the presence of a conceptus for about 70 d (Preg. group), 3) the effect of continuous exposure of the nongravid uterus and ovaries to a synthetic progestogen (Norg. group) or progesterone (PRID group) for about 70 d, and 4) the effect of continuous exposure of the ovaries to progesterone for about 70 d in the absence of the uterus (Hyst. group).
Heifers in the Preg. group were inseminated artificially 12 h after onset of estrus. Pregnancy was confirmed by non-return to estrus, palpation per rectum 40 to 50 d post-estrus, and a sustained elevation of plasma progesterone (>1 ng/ml). Beginning 6 to 8 d after estrus, heifers in the Norg. and PRID groups received norgestomet ear implants or intravaginai coils, respectively, every 10 d for approximately 70 d. In the Norg. group, norgestomet ear implants were inserted and removed such that the first implant remained in the ear until placement of the third implant; thus two implants were in place in opposite ears at any one time to ensure continued inhibition of estrus and ovulation. Progesterone-releasing intravaginal devices contained 7% (w/w) progesterone in silastic coils. Preliminary studies indicated that a 7% PRID would maintain the concentration of progesterone in plasma at 3 to 4 ng/ml for up to 12 d. Heifers were hysterectomized 5 to 8 d after estrus via midventral laparotomy under general anesthesia as described previously (Copelin et al., 1987) . Presence of a corpus luteum was confirmed at surgery.
Seventy to 75 d after conception, progestogen treatment or surgery, all heifers except controls were injected (i.m.) with 25 mg of PGF2a and heifers in the Norg. and PRID groups had their last ear implants or intravaginal coils removed. Control heifers were injected with 25 mg PGF2a during the midluteal phase of the estrous cycle. Concentrations of progesterone in plasma and subsequent estrous cycle lengths were monitored for all heifers.
Blood samples were collected from heifers via jugular venipuncture twice weekly from estrus until injection of PGF2c t on d 70 to 75 and daily from PGF2a injection until the end of the first normal-length estrous cycle for the control, Preg., Norg. and PRID groups and until 25 d after estrus for heifers in the Hyst. group. Plasma was collected and stored at -20~ until analyzed by RIA for progesterone (Canfley et al., 1975) and LH (Zaied et al., 1980) . Intra-and inter-assay coefficients of variation for progesterone were 7.0 and 9.6%, respectively. Plasma samples were analyzed for LH in a single assay with an intraassay coefficient of variation of 5.4%.
Statistical Analysis. Interval to estrus and estrous cycle length were analyzed by one-way analysis of variance (Snedecor and Cochran, 1980) . Differences in means for estrous cycle lengths were analyzed by the protected least significant difference procedure (Cochran and Cox, 1957) . Data for progesterone and LH were analyzed by analysis of variance for a split-plot in time design (Gill and Hefts, 1971) . The general linear model contained effects of treatment, time and the treatment x time interaction.
Results
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period differed (P < .05) among the Preg., Norg., PRID and Hyst. groups ( Figure 1 ). Although the profile of mean concentrations of progesterone during the 70-d treatment period was lower for the PRID group (P < .05) than for the Preg. and Hyst. groups, the overall mean concentration exceeded 3 ng/ml, which is within the physiologically normal range for cattle. Spontaneous luteal regression occurred at the normal time in Norg. and PRID groups. Estrus and ovulation were inhibited during the 70-d progestogen treatment (Norg. and PRID groups) and corpora lutea were maintained for 70 to 75 d in the Hyst. group. Overall mean (+ SE) concentrations of progesterone in plasma from wk 3 to 10.5 (d 75) for heifers in the Preg., Hyst., PRID and Norg. groups were 6.3 • .1, 5.4 • .1, 3.5 • .1 and .5 :t: .03 ng/ml, respectively ( Figure 1 ). The mean (+ SE) interval to esmJs after PGF2a-induced luteolysis or progesterone withdrawal was similar (P > .05) for all groups (range 2.5 • .2 to 4.4 + .7 d; Table 1 ). Expulsion of fetal membranes following abortion of heifers in the Preg. group occurred prior to or during estrus.
In the Prvg. group, abortion at 70 to 75 d of gestation reduced the length (~ • SE) of the first estrous cycle of each heifer (8.2 + .4 d; P < .01) relative to the mean estrous cycle lengths (range 18.2 :t: 1.3 to 21.5 + .6 d) for heifers in the control, Norg. and PRID groups (Table 1) . In this study, an estrous cycle of <_12 d was considered to be short, which is in agreement with other reports of short estrous cycles in cattle (Odde et al., 1980; RamirezGodinez et all., 1982) . All control heifers had first estrous cycles of normal length. One heifer each in the Norg. and PRID groups had a first estrous cycle of shortened length; however, all other heifers in these groups had estrous cycles of normal length (range 15 to 23 d). Mean length of the first estrous cycle for heifers in the Norg. group was similar (P > .05) to that of control heifers. Mean estrous cycle length of heifers in the PRID group was shorter (P < .05) than that for control heifers due to the presence of one heifer in the PRID group that had a short estrous cycle. Heifers in the Hyst. group did not return to estrus following hysterectomy until after injection of PGF2, on d 70 to 75, and new corpora lutea were maintained for at least 25 d.
The second estrous cycle for heifers in the Preg. group was of normal length in 12 of 13 animals. The overall mean length of the second estrous cycle for all heifers in the Preg. group was 18.0 + .9 d, which was shorter (P < .05) than the mean length of the first estrous cycle for heifers in the control group, but was within the range of normal length estrous cycles for heifers (Hafez, 1987;  (Figure 2) . Estimates of the pooled SD associated with error for the periods d 0 to 5 for all groups and d 0 to 15 for all groups except Preg-1, were .37 and .85, respectively. Following injection of PGFza (d 70 to 75) overall mean concentration (• SD) of LH in plasma from d 1 to 9 after estrus was similar (P > .05) for heifers in the Preg., Norg., PRID, Hyst. and control groups (.33 • .44 pg/nl).
Diacum~on
Short estrous cycles have been observed following induced abortions during early gestation in cattle (Lindell et al., 1980; Edqvist et al., 1981; Wright et al., 1987; Wright and Kiracofe, 1988) , sheep (Tyrrell et al., 1981) and goats (Bretzlaff et al., 1988) . In the present study, PGF2a-induced abortion resulted in a 100% incidence of short estrous cycles following the fn'st ovulation after abortion. Furthermore, reduced 1uteal lifespan was not the result of prolonged exposure of the uterus and(or) ovaries to a progestogen, but appeared to be related to the previous presence of a conceptus and its effect on the uterus.
Potential mechanisms associated with reduced luteal lifespans following abortion include 1) inadequate preovulatory follicular maturation, 2) insufficient luteotropic support, 3) increased sensitivity of luteal tissue to a luteolysin (PGF2o), and(or) 4) a premature luteolytic stimulus.
Subnormal luteal function may result from inadequate preparation of follicular cells for luteinization and secretion of progesterone (McNatty, 1979; diZerega and Hodgen, 1981) . Follicles anticipated to form subfunctional corpora lutea in postpartum beef cows had fewer LH receptors (theca and granulosa) and lower concentrations of esu'adiol than follicles anticipated to form normal corpora lutea (Garcia-Winder et al., 1987; Inskeep et al., 1988) . Similarly, intrafollicular concentrations of estradiol were reduced within ovine follicles anticipated to form subnormal corpora lutea (White et al., 1987) . Follicular gonadotropin receptors and secretion of estradiol were not determined in the present study.
Patterns of follicular growth differ between pregnant and non-pregnant cows as early as d 17 after eswas (Guilbault et al., 1986) and vary with stage of gestation (Rexroad and Casida, 1975; Thatcher et al., 1986) . Abortion on d 17 of gestation had no effect on subsequent luteal function, whereas abortion on d 24 of gestation was followed by an increased incidence of short luteal phases (Guilbault et al., 1988) . Therefore, in the present study, inadequate preovulatory follicular growth in the Preg. group cannot be ruled out as contributing to the high incidence of short luteal phases. However, if prolonged exposure of the uterus and(or) ovaries to progestogen affected patterns of follicular growth in the present study, there appeared to be no effect on subsequent luteal function because corpora lutea that formed in heifers in the control, Norg. and PRID groups exhibited normal lifespans and progesterone secretion. Furthermore, corpora lutea were maintained in the Hyst. group.
Similarly, inadequate luteotropic support does not appear to be the cause of reduced luteal lifespans following abortion early in gestation, because profiles of mean concentrations of progesterone in plasma increased similarly (P > .05) for all groups from d 0 to 5. Furthermore, there was no difference (P > .05) among groups in concentration of LH in plasma from d 1 to 9. This is in agreement with data on subnormal luteal function in postpartum cows whose calves were weaned early, in which there was no difference in mean concentration, pulse frequency and pulse amplitude of LH between subnormal and normal corpora lutea . Similarly, in postpartum cows induced to ovulate with human chorionic gonadotropin (hCG), mean concentrations and pulse frequencies of LH did not differ on d 3 or 5 after hCG injection between cows having normal or subnormal corpora lutea (Garcia-Winder et al., 1986) . Additionally, in postpartum cows, Smith (1986) found no difference in luteal weight, LH receptor concentrations or adenylate cyclase activity between corpora lutea anticipated to have subnormal or normal lifespans.
Although sensitivity of corpora lutea, formed following PGF2a-induced abortions early in gestation, to PGF2a has not been examined, it is unlikely that increased responsiveness to PGF~x is the cause of these shortened luteal phases. In postpartum cows, corpora lutea with shortened lifespans were not more sensitive to the luteolytic effects of PGF2a than were corpora lutea with normal lifespans .
Although there is no direct evidence, it appears that short luteal phases following abortion are the result of a luteolytic signal (PGF2c, release) from the uterus. Following abortion in heifers, there is an increase in serum concentration of 15-keto-13,14-dihydro prostaglandin Fza (PGFM), the stable metaborite of PGF2a. Lindell et al. (1980) reported that at the time of PGF2a-induced luteolysis, heifers pregnant for less than 80 d had shortlasting peaks of PGFM in serum that ceased upon delivery of fetuses. However, heifers pregnant for over 100 d released massive quantities of PGFM (up to 5 nmol/liter) during a 2-to 5-d period after delivery. Therefore, as the stage of gestation when abortion occurred advanced, the magnitude and duration of uterine PGFza release increased (Lindell et al., 1980; Edqvist et al., 1981; Kindahl et al., 1982) coincident with an increase in the incidence of short estrous cycles in early aborted heifers (Wright and Kiracofe, 1988) . Although there is an increase in circulating concentration of PGFM at abortion, there is little information on PGF2~ release at the time of luteal regression following first ovulation after abortion (Edqvist et al., 1981; Kindahl et al., 1982) .
Following abortion in the present study, corpora lutea in the Preg. group developed normally to d 5 or 6 post-estrus, as evidenced by a pattern of secretion of progesterone that was similar to the other treatment groups. However, after d 5 or 6, premature luteal regression occurred. Bovine corpora lutea normally became responsive to PGF2~ on d 5 or 6 of the estrous cycle (Hafez, 1987) .
Interestingly, PGF2a-induced abortion in pigs is not followed by subnormal luteal function (Guthrie and Polge, 1976) . Perhaps the absence of short luteal phases in pigs is related to the fact that porcine corpora lutea are not responsive to the luteolytic effects of PGF~ until about d 12 post-esm~s (Diehl and Day, 1974) . In prepubertal ewe lambs, and postpartum cows and ewes, there is strong evidence that short luteal phases are associated with the release of a luteolysin from the uterus (Keisler et al., 1983; Southee et al.. 1985; Copelin et al., 1987) . In cattle, hysterectomy following early weaning of calves from anestrous cows resulted in maintenance of luteal function after ovulation, whereas cows with an intact uterus had a 100% incidence of short estrous cycles following the first postpartum ovulation (Copelin et al., 1987) . Furthermore, in postpartum cows, oxytocin-induced release of PGF~ (as measured by PGFM) was greater on d 5 of a short compared with a normal length estrous cycle (Zollers et al., 1988) . These results provide further support for the hypothesis that reduced luteal lifespans are associated with uterine secretion of PGF2a.
Several experimental models have been utilized for the study of subnormal luteal function in cattle. In prepuberal heifers and postpartum cows, short luteal phases frequently follow prolonged periods of anestrus unless the animals are pretreated with a progestogen (Gonzalez-Padilla et al., 1975; Ramirez-Godinez et al., 1981; Copelin et al., 1987) . Conversely, short estrous cycles following PGF2a-induced abortions occur following prolonged periods of exposure to elevated concentrations of progesterone. In both models (postpartum cow vs early aborted heifer) short luteal phases follow termination of pregnancy and appear to be related to the timing of release of PGF2,~ from the uterus. Further study will be necessary to determine conclusively whether short estrous cycles following abortion are due to a change in the timing of PGF2a secretion mediated by the previous presence of a conceptus and(or) to endometrial damage following abortion.
In summary, short estrous cycles observed following PGF2a-induced abortions early in gestation appear to result from factors associated with the previous presence of a concepms and its effect on uterine PGF2a secretion, rather than to prolonged exposure of the uterus and(or) ovaries to progestogen alone.
